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DISTORTION IN X.EAND DETLCTORS

dntroductian;

There are several instanoes whan it is desired to know the fidelity of the
output of an X-band mixer operated :l high signal level. One example is aa aut-
omatio frequency oontrol (a.f.o.) d°sign. In this case both sigaal powsr and
local oscillator power are in the m:lliwatt regiorn, and 1t is ixperative to eval-
uate the distortion in the beat freciency currents that will give rise to ris.
leading a.f,0. information. There ia reason, ns explainec later, to believs
this distortion 1s minimized in & balanced mixer, sc measurements were made with
an X-band talanced mixer over a wide range of crystal operating pover.

Uetkad of Mpasurezent:

There are a number of methods o! taking the ir cessary data. The obvious
method would be to set up & mixer with variable attenuators on both the trans-
mitter and the local oscillator (L.C.) irputs., These attemuators could bte
varied as the 1-f output voltage is measured for the fundamental, second axd
higher harmonics of the beat product of tke L.0. and transmitter. The arrange.
ment 1s {nconvenient for a number of reasons

First, the hi_ h power level of the pulsed transmitter requires care in at-
temiator calidrations, and the absence of any lenkage arouad the attenuators
And second, the pulsed r-f signal, cdetected in the crystal has video side-bande
which mist be taken into atcount in any measurement of actual mixer power It
might seem that this i{e the opsrating condition in e radar set anyway, sc thie
video power at the {-f added to the actual i-f will give a more realistio
reading. This i@ not the caere, or no: practical to do, at least, for ths spec-
trum of this video signal will vary violently with transmitter pulse shape and
hence this factor will be a function of the receiver i-f and the transxitter
pulse shape, And third, in measurirg harmonic content which is very small
oompared to the fundamental care mist be taken to correct for the skirt side
bands of the fundamental. PFor these reasona it was decided to make the meas-
urements in another way.

Two c.w., r-f carriers were fed into the mixer through variable attenuatora
and the value of the o.w. fundamentel and harmonic output was measured. This
method allowed the signal power to be measured directly with a thermistor bridge
It aleo avolded the nead to separate %he i-f and the video pulse hash in the
measurements. The apparatus was extramely simple.

Figure 1 shows a schematic of the apparatus, The talanced mixsr fed a
single 1-f stage of variadle gain, This stage, a single tuned oircuit, drove
a grid leak detector and the output was measured with a bridge meter on the
detector tube plate. Changing the gain varled the bandwidth of the i-f ampli-
fier, but this caused no harm since this stage was fed with a 10 =c/s wide
double tuned circuit which greatly reducad the i-f off-tune, ur skirt, response
Also the lowest gain and oonsequently the broadest bandwidth was used with the
the largest input signal; and the smaller signals were measured with a smailer
bandwidth and higher gains. Consequently negligible extraneous skirt power
from the fundamental was measursd. Tha over-all gain was measured with a ORB04
signal generator at 20 mc/s to be 31 db with lowest galn; and the actual i-f
crystal output wns measured at hibgh level with a CV58 dlode dstector and the
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to denl with up to 10 &bt more sacord harmonic In the ordinary caee, howevar
one nay exprct to diminieh the second hnrmonic content in golny from n single
to A doudble ended mixar by nbout 10 dd

The third harrmonic content shown in flgure 9 compares favorably with that
of the single ended aixer in fipure &

It 18 interesting t.o note that in tha course of the mensuremsants or. the
doudle-ended mixer no 4th harmonics were observed, but 5th harmonlcs were

Since the crystal sutput is limited by snturation in the crystal., oane would
expect 3 db more output at high level from tha double ended mixer. This ie the
case as figures 10 and 11 show. Figure 10 showe the output voltage of a single
ended mixer working ints n glven load, and figure 11 showe the ontput of a double
ended mixer working into the same Jond. Absclute calidbraiion is difficult to d
with thie type of aponratus, so not too mich ccnfidence should te given td theee
curves. They are reproducible from crystal to crystal, but their magnitude 1s
prodadly correct to only + 1 5 &b

As a comparieon of single and dovhle ended mixers figure 12 has been plotted
Tris shows 2nd and Zrd harmonics for the case of 1 ma, L.0., input with varinble
signal input

The composite graphs in this repori. figures 9 nnd 11 are compoeed of data
from thres sets of crystals. FMlgures 4, 5 and 10 , curvea showing single enled
operation, data are constructed from data tnken on crne cryetal with random poin
checks with other cryetale,

Curves 4 and 5 and 6 and 7 were usad in flpure 12

Random sampling of points wajy nlso made as a rcough check of the accuracy ©
the general trend.

Coasidering the galn aand impadonce tolerances allowed in the 1H23D by JAN
specifications the point scatter 1s vell within renson. Only fignre 12 has
been printed with the actual data ehewleg in order to give an 1dea of this
ecattering. All other eurves are ssoothed curvas This has teen done since the
importance of this work 1s to accertaln tendnncissrather than individual crystal
characteristice

Summary:

With a single ended mixer one may axpect the second karmonic of the input
frequency in the crystel to te about 20 dt below the fundamontal and the third
harmonic to be about 30 db below the fundamental

With a double ended riyer one may expect 3 db mow signal than with a single
ended mixer. The second harmonic in this cnge will zZenerally bn below the third
harmonic So the "nolse" level of rnn n.f.c. circult is eet dy the third har
monic and 18 30 db below the fundamentr)

¥ W, P. Strandherg
Augugt 15, 1945




Anzerdix 1

The writer is indetted to H C. Torrey and R. H. Dicke for sugpestions and
dincuasion in this exnosition

Cne may massuma a crystnl law of the following form:

aV
l'c = A (e 1)

where V is the barrier laysr voltage, and a and A are constants Neglecting the
spreading resistance through which this current flows this equation then becoses

oV
1= A (. 1 o8 wlt.envaco- (ul +8)t,)
with two sinusoidal input voltages of freguenoy difference The eeries f:m for

thess exponentinls may bte found by expnnding in n Fourier ssries, and the serios
turn out to Ye.

-

r z ro Y — ]
1“: = A{Jo (nvl) + 2 -y :n (o.Vl, 08 0wy t] L1° (a¥2l + 2 =1'm

(a¥.) cos m '_.-.*ol) ]-15
(S A Schel'mnaff, Ulectro-magnetic Wava 58)
It can te seen that this reduces to the for

Lec At;l; (uvl‘ Il(nt2 cosft ¢ a1 ‘aVI‘ 1 u\f:) cos n 8t

+ constant + terms in ml" m (u.lwn-, by om (e o+ ,'3
-
Appenddx II
In the case of a balnnced converter one of the input voltages has a 180%

phase shift at one crystal. Thus the shorl circuit currents in each detecto
are ar follows:

Loe1 ™ Mg ¥ coswt aV, cos (u.-l + Bt

Loea ® .'A(0 a¥y cosuwytaV, cos (w, + B)t ,)
The expansion cf this last equation i en givea ne

Lo ™ nz I, (a¥,) + _g ()1 (av,) cosw,t)]

=

[1_ (a¥.) + ’Z: I (aV,) cosn (u1 + 8) -u%

In this test apparatus one crystal ! yaratsd Lo glve positive output and the
other a nagative output The two currants epre then added aipshraically ir the
sutput  To signify e nagntive detecti ryatal the sign 1, 19 oharged
80 the eu -
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Using the eqiation develaped iy, Arpendix I shig reducss to
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ABSTRACT:
Measurements of distortion in balanced and unbalanced X-band mixers indicate that the
bal d mixer redu d harmonic distortion by at least 10 db. Third harmonic

distortion is not reduced. An approximate theory of balanced mixer conversion is
described. WItb a single ended mixer one may expect the second harmonic of the input
frequency in the crystal to be about 20 db below the fundamental and the third harmonic
to be about 30 db below the fundamental, With a double-ended mixer one may expect

3 db more signal than with a single-ended mixer. Tbe second harmonic will generally
be below the third harmonic. So the ‘‘noise’’ level of an ad.c. clrcuit is set by the third
harmonic and is 30 db below the fundamental.
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